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Introduction 

There is enough experimental information available now so that * 
a reasonable picture can be formed of the electrons in the oqter belt# 
From Explorer XII we now know there are typically ~10 7 clectrcns/cm 2 -sec 
in the energy region 40 Kev - 1 Mev in the outer belt/^. This is a 
considerably lower flux than earlier estimates had given. The flux 
does net vary much with position in the. outer belt fren 25,000 kn to 
65,000 kn and also that flux does not vary much with time# Time varia- 
tions of x2 or x5 in intensity are seen in the 100 Kev energy range 

p / 

occasionally ranging up tc xj or x7 during August and September, l#!-' . 


These variations might be due only tc changes in the magnetic field and 
the associated effects on particles rather than charges in the particle 
population# The large tine variations in flux seen on several earlier 
experiments are seen only in the high energy (E > 1.6 Mev) group of 
electrons on Explorer XII. Very likely the large time variations on 
several earlier experiments involved the high energy electrons also# 

At the times of magnetic storms... the 100 Kev flux changes as much as 
x7, but returns to roughly the pro-ctorn flux in a few days at the end of 
the storxa-^ All of these features seem to indicate a population of 
particles that has a quite long lifetime. 

It is very important to a complete understanding of the radiation 
belt to know the lifetime of the trapped particles. When dealing with 
a steady state population, the only wsy to easily determine particle 
lifetimes is by measuring the loss rate frem the belt. Knowing the 
total population of the belt then yields the average lifetime. 


— 'F.oscer* Q*Bri r, n* Van Allen and Frank, Pr. gram cf AG T J Meeting, 
April 25-28, 1962, Abstract I (10) 

2 / 

— ' J . A. Van AlLu:, private communication 


1 


Data frcn Experiments cr. Die severer Satellites 

Vo have now information that hears on the lifetime of the electrons 
in the 100 Kev - 1 Mev energy range. Several instruments have recently 
teen flovn on Discoverer satellites • These vehicles ertit at a fev 
hundred kilometers altitude at an inclination of ~&2 , so the earth 
is quite veil covered by measurements from these satellites. The 
instruments that have hecr. ilevn are: (1) a thin Csl scintillator 

covered by 2 nils cf Be, This counted electrons of E^ > 100 Kev and 
protons above about 5 J^v, ^2) a thick plastic scincl Uator that counted 
electrons of > 2 Kev and protons of E p > 15 »fev # and (5) a ten channel 
rsag net 1 c electron spoctromotor^ _„thst counted electrons from 80 Kev 
to 1«25 MeY. 

The count rates of the Csl detector are shown ir Figure 1 for the 

Southern Hemisphere. Three types of features are seen here. ^First, 

off the coast cf Brasil a high count rate is observed which is related 
to the loss -of particles from the inner radiation belt. In this region 
the earth’s surface magnetic field is weak, sc that the inner belt 
particles come closest to the earth here. Secondly, irregular pulses 
of particles are seen In the auroral zones. From the electron spectro- 
meter we know that these particles are electrons of < 200 Kev and 


2/l. g. .Mann, S. D. Eicon, ar.d H. I. Vest, Jr., "Electron Spectrum 
fron 90-120 Kev as Obtained on Discoverer Satellites 29 and 31.” 

Report to C06PAR Conference, Washington, D. C., April 1962 
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a considerable fraction of thorn coco essentially directly down the field 

liner* That is, the electrons are not trapped and drifting down in 

altitude, tut rather, they are on their vay to earth in one single 

bounce* ^ 

The third group of particles is the most interesting. About 10° 

or 15° subaurcral in the South Atlantic vc see a large population of 

particles. These particles art? net uniquely identified as electrons, 

but no protons- of E > 3 M'V are hncvn tc exist in this region of space, 

so they are almost certainly electrons c These particles show a smooth 

spaeial distribution, and their population is quite ccnsistant from pass 

to pass. They are the leakage from the cuter radiation belt being lost 

kl 

in the Capetown Ancr.ely- . They shoved a roll modulation when one of 

the Discoverer vehicles tumbled, .indicating -they are probably — - " ' 

trapped particles . These particles were slowly being lost in an orderly 

vay, quite different from auroral particles which are lost in squirts. 

The plastic scintillator shews quit** similar behavior in the 

Southern Hemisphere (Figure 2 ). The losses fren the inner belt off 

Brasil and the loss fr?n the cuter bolt off Capetown are quite apparent. 

The auroral spikes are, however, not seen indicating that the auroral 

* 

particles are below the threshold of this detector. 

In the Northern Hemisphere the Discoverer results are quite 
different. Auroral pulses are seen by the Cel detector (Figure 3) but 


—'A. J. Dessler, Journal cf Geophysical Research , 64, 7^3 (1959) 
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the other features are net. The scintillator count rate (see Figure 4) 
does not shev any high count rate regions as in the South Atlantic. 

Count rate cent curs for the high count rate regions In the South Atlantic 
are shevn cn Figure 5 and Figure 6 for the tve detectors. 

These features of the radiation belts vere first seen on low 
altitude Soviet satellite ♦ Vernov, et al. observed both the high 

intensity region off Eracil that they identified as costly protons and 
related to the inner bolt ^ and also a high Intensity region in the South 
Atlantic costly electrons related tc the cuter radiation belt — 

Calculation of the Less Rite 

Free the.^e lev altitude ceasurenents on the cut^r belt electrons, • 
ve can calculate the rate of loss cf particles fraa the radiation belt. 

If ve have steady state in the radiation belt, then the situation 
depicted in Figure ^ occurs. Particles are continually injected into 
the belt. If, as is ccmcnly thought, radial diffusion Is a slew process, 
then the particles are lest free the belt devn into the atsesphere as 
shevn in F.gure 7 • Th.s loss rate can be described In terns of a 

of part.cles devn into the loss cones and eventually striking 
the earth. 

5/ _ 

S, N. Vernov, I. A. Savenkc, p. I. Shavrin, H. F. Pisarenko, "The 
Discovery of an Internal Radiation Belt at an Altitude of J20 ka in the 
Region of the South Atlantic Mignetic Anomaly," Dcklndy Akademii Ilauk SSSR. 
1^0, 1041 (1961) 

~^S. N. Vernov, I. A. Savenko, P. I Shavrin, V. E. Nesterov, tf. F. 
Pisarenko, The External Radiation Itelt about the Earth at an Altitude of 
320 KilonMters," Dcklady Akademii Nauk SSSR . 140 , 787 (I96I) 
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In this calculation of the loss rate, we must assume that coulomb 
scattering is the dominant loss process* We have measured the particle 
flux $ at altitude h. From this we can get the net notion of particles 
downwards, the drift flux, D, by * 


vhexe v is the particle’s velocity and U is a downward drift velocity. 


The drift velocity U describes the process cf particles gradually leak- 
ing out the loss ccne as the result cf coulomb scattering* This is, 
of course, an average concept and any one particle does not smoothly* 
move downwards in altitude. The first attempts to describe this loss 
proces s^ 1 introduced tlie concept of the velocity of lowering of 

mirror points, W. Later it was shewn that this description of the process 
o / 

was incomplete-*' and a second term Y was needed which vould describe 

in/ 

the diffusion of the particles. McDonald has shewn- 7 that for the case 
of the exponential atmosphere the two terns can be written as 
U-.Wfy.Wj 1+1- ($p)l 

• wa eh' • • - - - - 


where H - scale height of the atmosphere and p = air density* 


-^Christcfilos, ''Trapping and Lifetime of Charged Particles in 
the Geomagnetic Field," UCRL Report 5407 




h and Whitaker, J umal cf Geophysical Research , 64, 909 (1959) 


^'R. C. Wentworth, Thesis, "Lifetimes of Gecmagnetically Trapped 
Particles Determined by Coulrmb Scattering," Ph. D. , University of Maryland, 
I960 

10/ 

— V. McDonald, private communication 
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IT the electron flux 4 varies inversely with air density 0 then 

Y «» 0. We knew that this situation is roughly true for protons, but 
there is no good data on electrons to evaluate Y» For lack of better 
informtion ve will take W = Y and U = 2W. It would be quite Surpris- 
ing if the altitude dependence of 5 were such that Y > W, but we rust 
wait for final information on this. 

Using the value of U - 1.5 x 10 s cm/sec for E = 200 Kev for 400 km 
altitude, we can obtain D as a function of position from the Csl detector 
data. From D we can determine the total loss rate L from the radiation 

belt by .* ” ' ' - - - 

L = j) D da 

To get L we integrate D along two lines of constant integral invarient • 
1, one in the northern Hemisphere and one in the Southern Hemisphere. 

This s\ms up the loss from one "lunoid" of the belt ( see Figure 8) . 

A lunoid is a figure pf revolution whose cross section is a lune, the 
region between two neighboring field lines, as shewn in Figure 8.- We 
will take two strips 1 cm wide around the earth in order to evaluate L. • 
The volume of the lunoid whose base is 1 cm wide for ro 3 2.8 r e i3 

V = 1.4 x lO^cm 3 . L evaluated this way is 2.5 x 10^ electrcns/sec and 

the volume loss rate is 1 = L/V = 1.5 x lO -13 electro ns/csp-sec. 

The only contribution to the integral to get L is frem the region of 
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South Atlantic. For a steady state situation the volurre loss rate 
t = s, the source strength, that is populating the radiation belt. 

The source strength s calculated—^ for neutron decay is about -*10~ 13 
elec/cm 3 -sec for the outer belt. This value of c looks very similar 
to the calculated value of K vhich indicates that the neutron decay 
source seems adequate in strength tc produce the outer belt electrons. 

We can also get free this the average residence tine ~ of an 
electron in the radiation belt by assuming steady stat° and using 
L = Q/t vhere Q is the total number of electrons in the lunoid 


Q 


r iO 7 elec /cm 2 - s ec 

LT5 x 10 xJ cm/^ecTj 


1.4 x 10 20 


cn 3 = 0.7 x 10 17 electrons 


We get for t = Q/L = 0.7 x 10 l7 /2.5 x 10 7 3 x 10 9 sec. This time z 

is about the same as the estimates of life tine f or outer 

belt electrons, based on coulomb scattering. 

It is somewhat surprising that' th’e "lx>s s' rate ~is as small as it 
seems to be as the result of this calculation. We night expect, on 
the basis of other experiments, that polar-cap neutrons vould 


— ^Hess , Canfield, and Lirgenfelter, Journal of Geophysical Research. 
66, 665 (1961) 


12 / 

13/ 


P. J. Kellogg, Nuevo Cimento , 11 , 48 (1959) 


— Wentvcrth, McDonald and Ginger, Physics of Fluids , 2, 499 (1959) 
14/ 

— 'Hess and Killeen, Journal cf Geophysical Research, 66, 3671 
(1961) — 
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substantially increase the galactic cosmic ray produced neutron source 
strength. If this were the case, the source strength would be 
increased above the value of s * 10 l3 . 

_ a - - - ** 

Comparison of other Experiments with the Discoverer Results 

One other experiment measures the outer belt electron loss rate 

directly and can be compared with our calculation. The count rate 

2*}/ ~ v:v 

of the 213 GM cotinter on the Injun satellite-*- determines the 
electron loss rate of electrons of energy E > 40 Kev. The anguxar — 
distribution of the particles observed by this counter over North. 

America is sometimes so vide that the particles are obviously being 

lost directly into the atmosphere. The loss rate from these observa- 
tions is much larger than the value calculated here. The average 

residence time t of an electron according to the ijim analysis_is_ 

about 10 4 seconds. The loss of electrons as observed cn Injun must 
be considered to be the result of a catastrophic process; that is, 
the electron mirror altitude is changed by a large amount in a 

single bounce period. This must be due to come process other than 

4 * 

coulomb scattering. 


^B. J. O’Brien, 
SUI 62-2 


"Direct Observations of Dumping of Electrons," 
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This comparison of Injun and Discoverer results seems inconsistent, 
but with the help of the electron spectrometer experiment 0 n Discoverer 
ve can understand both experiments. 

Bie spectrometer detects three different and distinct spectra of 

electrons. - 

Spectrum (A) is a very sharply falling off function of energy. The 

intensity decreases a factor of e with increase in about 5 Kev and is only 
present below 125 Kev. This rpectrum is seen almost world wide at some 
times and other times is not seen at _all. Fluxes greater than 10® elec/ - 
cn^-sec-ster are seen in a 28 Kev wide channel centered at Kev at some 
tines* 

Spectrum (b) e-folds with a change of energy of from 25 to 40 Kev 

end goes up to about o(X) Kev. It is seen prominently in the aurora]1 - 

zone and shows large time fluctuations. A group of particles of 90 < E 
< 245 Kev t with similar energy spectrum, with considerably lever Intensity 
is seen in the inner belt loss zone off Brazil and is seen some in the 

outer belt loss zone off Capetown. 

Spectrum (C) usually has a maximum intensity at about 600 Kev and 
goes up beyond 1.2 Mev. At 200 Kev it is down about x2 from maximum 
intensity. This spectrum is always seen in the inner belt loss zone off 
Brazil and vith lower intensity in the outer belt loss zone off Capetown. 
Cie fact that the spectrometer has lower intensities of the (C) spectrum 
in the outer belt loss zone than off Brazil cay be due to the fact 
that the look direction of the spectrometer 
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is clos-r to the direction of the field line. If the angular dictri 
button is pancake shaped, it would be seen less near the direction - 
*h*.' field line. The (C) spectrum is also seen in certain small 
•atous of the Pacific Ocean. It shews a smooth spacial variation 
end ir quite constant in time. The intensity at one place normally 
is constant to a factor of x2 for long periods.' 

The fact that there are three different spectra of electrons 
apparently produced by different process os. helps explain other 
experiments. The Injun experiment^ that observed, catastrophic 
dumping over Ilorth America is quite consistent ir spacial extent. 


time variations and energy and flux with the spectrum (A) of 
electrons seer, cn Discoverer. The fact that th'-se electrons are 
almost of E < 100 K-.v means that the Cel detector cr Discoverer - 


will not- see these particles. 

The (C) spectrum observed or. Discoveroi 
equilibrium electron energy spectrum expected 


looks quite like the 

su. w 


n_ut.ron c- decay, except that it extends tc higher energies. This 
population of particles shows smooth spacial variations and roll 
modulation indicating the particles are trapped, and the flux is quite 

~ / P. J. Kellogg, Journal of G^cthysical R-search , 6£, 270 9 ( i960) 

Lcrichek , Sing-r and Wentworth, Journal of G-cphyslcal 
H> ;;e ireh , 66 , 40^7 (19^1) 

— ^i-u-s and Polri-T, Journal of Geophysical R-s- arch , tc be 
published 


10 


constant In time. AT 1 _of_these facts and also the fact that this 
spec trim Is seen essentially only In the magnetic field anonolies In 
the South Atlantic strongly indicates that these particles ere being 
lost by coulomb scattering. If other processes were responsible for 
the particle loss then there would be no reason for the measured 
flux to be largest In the South Atlantic. The fact that the fluxes of 
the (C) spec trim are concentrated in the South Atlantic means that 
the atmosphere controls the loss process. The particles* airror 
points eccie closest to the earth in this region and the particles 
encounter the densest atnosphere here. This shows coulcnb scattering 
is the doninent loss process. 

We can experimentally put a lever limit cn the (C) spectrum 
particle lifetime from the Discoverer data. The particle flux other 
than in the South Atlantic is ? < 5 elec/cr^-sec. Assuming that 
this flux of particles is all being catastrophically lost as tiki 
Injun particles were and therefore D ~ 5, then ve get ' 

L = 2 X 10 10 elec/sec., I = 10* 10 elec/cm 3 - sec and - = 2 x lO 10 ^ 

= ,lf x 10 T sec. The (C) spectrum electron lifetimes are, therefore, 
longer than .4 x 10 7 sec and probably much longer because the assump- 
tions here are quite extreme. 

Conclusions 

The following points have come cut of this analysis: 


11 


(1) There are three separate groups of electrons observed 



on the Discoverer flights. 

(2) The (A) spectrum falls off sharply with energy and dees 
not extend above 125 Kev. It shows large tine fluctuations. The 
Injun experiment that observed direct dumping was quite likely 
seeing this flux of particles. The source of these particles is not 
understood. 

*3) The (B) spectrum is the spectrun of auroral electrons. 

A similar spectrun also appears some in the particles lost free the 
radiation belts indicating that scce of the electrons of E < 200 
Kev in the radiation belt have been accelerated by auroral processes. 

(4) Most of the electrons in the radiation belt are of the 

(C) spectrun type which locks rather like a neutron £ -decay spectrum 
except extending to higher energies. These particles are lost from 
the radiation belt v y eoiOocb scattering. 

( 5 ) The average residence tine of ah electron in the outer 
radiation belt is calculated on the basis of cou3.onb scattering to — 
be 3 x 10® seconds ar.d is measured to be considerably longer than 

.4 x 10 7 sec. The analysis here is uncertain to x2 or core in 
two or three places f but the results are probably good to a factor 
Of 30. 

(6) The data on the (C) spectrum electrons concerning their energy 
spectrum, loss rate and lifetime are all consistent with these particles 
being the result of neutron decay. These particles constitute nest 

of the inner and outer radiation belt electrons. 
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Figure 7 - The steady state picture of the radiation belt. Particles are injected into the belt at a rate s which 

must equal the loss rate / . 







Figure I - Count rote* of the Csl detector on Discoverer 31 in the Southern Hemisphere. The height of the strip 
g.ves the logorithm to the bose 10 of the count rote of different positions. The highest count rote is above 10 s 
counts/cm* -s«c 



Figure 2 - Count rotetof theploific »cintillotor on Diicoveie. 31 in the Southern Hemiipheie- some logarithmic icale 
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Figure 3 - Count rate of the Cs 1 detector on Discoverer 31 in the Northern Hemisphere— some logar ithmic scale 







Figure 4 - Count rate of the plastic scintillator on Discoverer 31 in the North ern Hemisphere -some logar ithmic vul 



Figure 


5 - Count rate contours for the Csl detector on Discoverer 31 for the Southern Hemisphere 
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Figure 6 - Count rate contours for the plastic scintillator on Discoverer 31 for the Southern Hemisphere 





Figure 8 - A lunoid of the radiation belt. This is a volume whose cross section is the region between two neighbor- 
ing field lines. The lines on the earth at the base of the lunoid are lines of constant integral invar ienf which 
represent the loci of the loss zones for the particles in the lunoid. 



